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METHOD AND SYSTEM FOR THE DETECTION OF SURFACE DEFECTS 
ON A METAL PRODUCT AS IT IS BEING CONTINUOUSLY CAST 



5 The invention relates to the detection of surface 
defects on a slab, or, more generally, on a metal 
product, especially a steel product, as it is being 
continuously cast. 



10 More precisely, the invention relates to the detection 
of surface defects on a metal product as it is being 
continuously cast using an eddy current sensor with a 
separate transmitter and receiver, these being placed 
facing each other and close to the surface to be 

15 inspected. 

FR 84/14435 discloses a sensor of this type, also 
called an ^'EC (eddy current) sensor with anisotropic 
probes" , the probes of which are separate transmitting 

20 and receiving coils, a certain distance from each other 
along a line oriented perpendicular to the travel of 
the slab that is passing beneath them. Such a sensor is 
therefore sensitive to the modifications in the flow of 
the eddy currents that are generated by the presence of 

25 a long defect transverse to the surface of the product 
inspected. It thus makes it possible in particular to 
discriminate transverse edge cracks since the induced 
currents generated beneath the transmitter by the 
magnetic field of the latter do not flow right beneath 

3 0 the receiver defects when propagating from one to the 
other are absent. 



However, since the distance separating the two coils, 
namely the transmitter coil and the receiver coil, is 
35 fixed by construction, just short cracks are therefore 
detected if a sufficiently extended region of the slab 
edge is not scanned, either by multiple passes of the 
sensor with an accordingly adjusted lateral incremental 
shift, or by placing a series of multiple sensors side 
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by side so that the whole assembly covers the region in 
question. 

The invention aims to solve these difficulties by 
making use of recent high-speed imaging technologies 
using arrays (or rows) of elementary mini -coils (or 
cells) that are aligned and can be separately activated 
by programmed multiplexing. Examples of eddy current 
sensors of this type may be found for example in the 
following documents: FR 93/00984, US 6 339 327 and 
US 5 237 271, these being used for the inspection of 
metal sheet, plate or strip in many technical fields. 

Depending on its mode of activation, each cell is thus 
capable of either generating or detecting eddy currents 
on the surface of the metal product to be inspected. 
Consequently, by activating first and second contiguous 
cells of the row, one so as to generate eddy currents 
and the other for detecting them, it is possible to 
determine the presence or otherwise beneath the sensor 
of elongate surface defects that would propagate from 
one to another. The pair of activated cells is stepwise 
offset by one cell along the row at each iteration of 
this control step, so as to scan and inspect the entire 
surface of the metal plate facing this row of cells 
without either moving the plate to be inspected or the 
sensor. To obtain good spatial resolution and to be 
able to detect defects of the order of a few 
millimeters, the size of the cells, the general shape 
of which is square, is of the order of a few square 
millimeters . 

The metal plates inspected with such sensors must be 
smooth and the measurement cells are placed at a 
35 distance of less than 1,5 millimeters from the surface 
of the plate to be inspected. At such a distance from 
the surface of the plate, the sensors rapidly and 
accurately detect any surface defect manifested by a 
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break in electrical conductivity. However, beyond this 
distance these sensors become inaccurate and unusable. 
Attempts at using these same sensors for detecting 
cracks on the surface of steel slabs obtained directly 
5 by continuous casting have hitherto, to the knowledge 
of the Applicant, met with failure. This is because the 
surface asperities of the slab together with the high 
temperature of this slab, which is generally above 
550 ^C, mean that it is barely possible to keep the 
10 sensor for a long time at less than 1.5 mm from the 
surface to be inspected. 

The invention aims to remedy such a handicap so as to 
be able to use these EC sensors with rows of cells 
15 activated by multiplexing on a metal product in its 
continuously cast state. 

Thus, one subject of the invention is a method for 
detecting surface defects on a metal product as it is 
20 being continuously cast, using an eddy current sensor 
of the separate transmitter/ receiver" type having rows 
of contiguous aligned measurement cells that are 
separately controllable by multiplexing, the product to 
be inspected undergoing a traveling movement relative 

2 5 to the sensor, characterized in that, said sensor 

comprising a matrix of measurement cells distributed in 
rows and columns, and said matrix having at least first 
and second parallel rows of at least three measurement 
cells each, the multiplexing is activated in successive 

3 0 control steps in such a way that: 

- in a given control step, first and second cells 
in each row are activated, these cells being separated 
from each other by at least one inactive measurement 
cell, the first cell being activated so as to generate 
3 5 eddy currents on the surface of said metal product and 
the second being activated so that it detects the eddy 
currents generated by the first cell, the flow of which 
currents on the surface has been modified by the 



J 



presence of surface defects, and, at predetermined time 
intervals, the two activated cells are inactivated and 
said control step is repeated with two following cells, 
which are offset by at least one cell along the same 
5 row relative to the two inactivated cells, and so on, 
until the surface region to be inspected has been 
checked; and 

- in that said control step is carried out 
simultaneously for the first and second rows of cells, 
10 said first cells of each row belonging to just one 
column and said second cells of each row also belonging 
to just another column, said second cells of each row 
being configured so as to produce signals of opposite 
polarity when a defect is detected, 

15 

In other words, the cell that generates the eddy 
currents must always be faced away from the cell that 
detects them in the same row by at least one inactive 
cell . This is because it has been discovered that 

20 increasing the spacing between the two activated cells, 
namely the transmitting cell and the receiving cell, 
makes it possible to increase the distance separating 
these cells from the surface to be inspected, while 
maintaining the performance of the sensor at a 

25 sufficient level for the intended application. It is 
therefore possible to use cells at a distance of more 
than 1.5 millimeters from the surface of the slab, 
thereby making it possible to use these sensors to 
detect surface cracks on metal products obtained 

30 directly from the continuous casting of a slab. 

Moreover, the control step is carried out 
simultaneously and in exactly the same manner on the 
two adjacent rows, the pairs of active cells in the 
35 second row being however configured so as to produce 
signals of reverse polarity with respect to the pair of 
active cells for the first row. This makes it possible, 
by adding the signals, to obviate the inevitable 
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perturbations arising for example from oscillation 
marks present on the surface of the cast slab and to 
deliver, to the inspector, a very clean defect 
detection signal with minimal background noise. 

5 

The subject of the invention is also a defect detection 
system comprising a sensor for detecting surface 
defects by eddy currents, of the "separate 
transmitter/receiver" type, comprising at least two 

10 rows of at least three measurement cells each 
contiguous and controllable, and a programmable 
multiplexing control unit suitable for controlling said 
measurement cells, each cell being capable of 
generating or detecting eddy currents, characterized in 

15 that the two rows of cells are placed side by side 
parallel to each other and in that said control unit is 
a multiplexer control unit capable of activating a 
first and second cell of a row that are separated from 
each other by at least one inactive measurement cell 

2 0 and of activating, in the same manner, but with the 
reverse polarity, the corresponding analogous cells in 
the second row. 

According to other preferred features of the system 
25 according to the invention, this is characterized in 
that: 

- the sensor is provided with a plane base in 
which said rows of cells flush with the surface are 
housed, said base being intended to be placed at a 

30 distance of at least three millimeters from the surface 
to be inspected; 

- the sensor includes a circuit for cooling the 
base with a circulating coolant; and 

- the cooling circuit includes at least one 
35 ceramic plate placed facing the base so as to leave a 

space for circulation of the coolant. 
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The invention will be better understood and other 
aspects and advantages will become more clearly 
apparent on reading the description given by way of 
example and with reference to the appended plates of 
5 drawings in which: 

- figure 1 is a schematic illustration of a 
detection system according to the invention; 

- figure 2 is a vertical sectional view of the 
cross section of an eddy current sensor for detecting 

10 surface defects using the system of figure 1; 

- figure 3 is a schematic illustration of the 
active part of the sensor of figure 2; and 

- figure 4 is a flow diagram of a surface defect 
detection method according to the invention. 

15 

Figure 1 shows a system 2 for the continuous detection 
of surface defects of a steel slab 4 obtained directly 
from a continuous casting installation. The slab 4 lies 
in a horizontal plane and it is in this configuration 
20 that it achieves a slow forward movement (barely a 
little more than 1 m/min) , beneath the sensor 2 . To 
simplify the illustration of figure 1, only the upper 
left edge of the slab 4 has been shown. 

25 The slab 4 is what is called here a product as it is 
being continuously cast . 

At the point where the detection system 2 is placed, 
the slab typically still has a temperature of above 

30 550°C. Its upper surface facing the sensor 2 is 
irregular, having numerous asperities and local reliefs 
such as mold oscillation marks or scale islands, and 
also, as the case may be, long surface detects to be 
detected, such as various transverse cracks, crevices 

35 or notches- These surface defects result in a local 
break in the conductivity of the surface of the slab 4. 
It should be noted that this break in conductivity does 
not necessarily mean the presence of a flaw on the 
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surface of the slab 4. Here, only a transverse crack 6 
has been shown. This crack 6 is called a transverse 
crack as it extends in a direction perpendicular to the 
travel direction of the slab 4 . The travel direction of 
5 the slab 4 is shown by the arrow F in figure 1. 

To make it easier to install the detection system 2 in 
an environment where the temperature rises to above 
550 **C, the system has no moving parts and only the slab 
10 4 moves trans la tionally beneath it in the travel 
direction F. 

The system 2 comprises a sensor 10, a control unit 12 
for controlling the sensor, and a coolant delivery pump 

15 14. The sensor 10 is capable of detecting conductivity 
defects on the surface of the slab 4 by means of eddy 
currents. As the operating principle of such a sensor 
is known, it will not be explained in detail here. The 
reader may for example refer to European patent 

20 application EP 0 195 794 for more information about the 
operating principles of such sensors . 

Here, the sensor 10 has the form of a rectangular 
parallelepiped oriented perpendicular to the travel 

25 direction F, one face (called the ''active face" , since 
the measurement cells are flush with its surface) of 
which is placed parallel to the surface of the slab 4. 
This sensor 10 is placed so that its active face is 
'"astride" the edge of the slab 4 so as always to be 

30 able to inspect the outermost edge, even were the 
traveling product to undergo slight lateral deviation 
in its travel . 

As illustrated in figure 2, the active face of the 
35 sensor 20 is formed by a base 2 0 in which measurement 
cells 21 are housed. 
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The lower surface of this base 20 is shown in figure 3. 
This base 20 has, by way of illustration, two identical 
rows 22 and 24 of measurement cells 21, all being 
identical to one another. These two rows are located 
5 parallel to each other in the length direction of the 
sensor 10. These rows 22 and 24 are also arranged as 
close as possible to each other so that their 
respective cells are placed alongside one another and 
touch one another, at least on one side. 

10 

To simplify the illustration, only six measurement 
cells 21 have been shown in each row. In reality, a row 
may comprise up to thirty- two, or more, cells. Here, 
the cells of the row 22 are denoted, in order, starting 
15 from the bottom and going upward, by the references CI, 
C3, C5, C7, C9 and Cll respectively. Similarly, the 
cells of the row 24 are denoted, in order and starting 
from the bottom upward, by the references C2, C4 , C6 , 
C8, CIO and C12 respectively. 

20 

Each of the measurement cells 21 is suitable for being 
configured, under the control of the unit 12, either as 
a transmitting cell or as a receiving cell. 

25 When the cell 21 is configured as a transmitting cell, 
this is capable of creating eddy currents in the 
surface of the slab 4. For this purpose each cell 
comprises a coil 26 supplied with AC current. The axis 
of this coil 26 is perpendicular to the active face of 

30 the sensor 10. 

When the cell is configured as a receiving cell, this 
is capable of detecting eddy currents present in the 
surface of the slab 4, if, and only if, the eddy 
35 currents created by the transmitting cell have been 
deflected toward the receiving cell by a surface defect 
that propagates from one cell to the other, according 
to the principle explained in the abovementioned 
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EP 0 195 794. For this purpose, the coil 26 forms a 
closed electrical circuit used for detecting 
electromagnetic fields . 

5 As already indicated, the contiguous cells of the rows 
22 and 24 are also capable of being connected up in 
differential mode one with respect to another on the 
two rows so as to eliminate measurement or detection 
errors due to surface irregularities on the slab 4, 

10 such as oscillation marks. More precisely, the cells of 
each row 22 and 24 configured as receiving cells are 
capable of generating signals for detecting a surface 
defect, of opposite polarity. This has the consequence 
that, when a receiving cell of the row 22 detects a 

15 fault, it generates a signal, for example of positive 
polarity, whereas the corresponding receiving cell of 
the row 24 generates a detection signal of negative 
polarity when it detects the same defect. 

2 0 Here, typically, the cells 21 are to be detaching and 

the coils 26 of the contiguous cells are separated from 
one another by an edge-to-edge gap X of less than 
0.5 mm and preferably about 0.2 mm. This closeness of 
the various coils 26 makes it possible to ensure almost 
25 continuous scanning and inspection of the surface of 
the slab over the entire length of the rows 22 and 24. 

In order to maximize the overall sensitive area of the 
sensor, the cells 21 are square in shape, like their 
30 internal coil 26. In addition, to detect surface 
defects or cracks whose length barely exceeds 4 
millimeters, each of these coils has a square cross 
section of 4 x 4 mm^ . 

3 5 To protect the base 20 from the heat, the sensor 10 is 

also equipped with a device 3 0 (figure 2) for cooling 
the base 20. This device 30 includes a circuit 32 for 
circulating a coolant. This circuit 32 descends along a 



- 10 - 

vertical wall 3 6 of the sensor 10, passes beneath the 
base 2 0 and comes back up along another vertical wall 
38 of the sensor 10. To provide the part of the circuit 
32 which passes beneath the base 20, the device 30 
5 includes a rectangular plate 4 0 placed facing and 
parallel to the base 20 so as to protect the 
measurement cells. This plate is, for example, made of 
a ceramic so as to be permeable to the electromagnetic 
waves generated and received by the coils 26 of the 

10 various measurement cells. This plate 4 0 is, for 
example, placed at about 1 millimeter from the surface 
of the base 20. It is kept in position by two 
horizontal feet 42 and 44 fastened along its long 
sides. The feet 42 and 44 are intended to slide over 

15 the surface of the slab 4 and act as runners. These 
horizontal feet 4 2 and 44 are each integral with a 
vertical metal plate 46 and 48 respectively. 

The plates 4 6 and 4 8 lie along the walls 3 6 and 3 8 of 
20 the sensor 10. They are spaced away from the vertical 
walls 36 and 38 so as to leave a space for passage of 
the circuit 32. To withstand the heat, the feet 42 and 
44 and the plates 46 and 4 8 are, for example, made of 
stainless steel. The thickness of the feet 42 and 44, 
25 the thickness of the plate 4 0 and the thickness of the 
circuit 32 beneath the base 20 are chosen in such a way 
that the height H separating the base 20 from the upper 
surface of the slab 4 is equal to or greater than three 
millimeters and preferably greater than 4 millimeters, 

30 

The arrows shown in the circuit 32 indicate the 
direction of circulation of the coolant. Here, the 
coolant is water. Each end of the circuit 32 is 
connected to the pump 14, suitable for circulating the 
35 coolant in the circuit 32. 

The control unit 12 is a multiplexer capable of 
individually controlling each of the cells of the base 
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20. This control unit consists, for example, of a 
conventional programmable electronic computer combined 
with a memory 50, having instructions for executing the 
method shown in figure 4. 

5 

The operation of the system will now be described with 
regard to the method shown in figure 4, During 
operation of the system 2, the slab 4 travels, flat, 
beneath the sensor 10 in the direction of the arrow F. 

10 Here, when an edge crack 6 occurs beneath the base 20, 
one of the cells of the row 24 detects this crack and 
generates a corresponding signal . The crack 6 is then 
detected by at least one of the cells of the other row 
22, which also generates a corresponding signal, but of 

15 opposite polarity. 

The operation of the sensor 10 activated by the 
multiplexer 12 is divided into a number of timeslots, 
each timeslot corresponding to a predefined time 

20 interval. In each timeslot, only one pair of cells of 
the row 22 and one pair of cells of the row 24 are 
activated, whereas all the other cells of the rows 22 
and 24 are inactive. In the inactive state, the coil 26 
of the cells is an open coil. This prevents problems of 

25 crosstalk between the coils 26 of the various cells. 

More precisely, in order for the sensor 10 to be able 
to operate reliably at more than three millimeters 
above the surface of the slab 4, the control unit 12 

30 operates as follows. In a first timeslot, the unit 12 
configures, during a step 60, the cells CI and C2 as 
transmitting cells in order for them to generate eddy 
currents in the upper surface of the slab 4 . At the 
same time, the unit 12 configures the cells C5 and C6 

3 5 for them to detect eddy currents in the surface of the 
slab 4. By controlling the sensor 10 in this way, the 
transmitting and receiving cells are separated from 
each other by an inactive cell, in this case the cells 
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C3 and C4 . During the first timeslot, the edge-to-edge 
spacing between the transmitting and receiving cells is 
therefore greater than four millimeters. 

It has been found experimentally that the height at 
which the base 20 may be placed relative to the surface 
of the slab 4 increases proportionally with the 
edge-to-edge spacing between the transmitting cells and 
the receiving cells. Thus, by providing, during step 
60, a space between the transmitting and receiving 
cells of at least four millimeters, the operation of 
the sensor 10 is not degraded although it is placed 
about three millimeters from the surface in which it is 
sought to detect defects. 

Next, during a following, second timeslot, the unit 12 
configures, during a step 62, the cells C3 and C4 and 
the cells C7 and C8 so that the cells C3 and C4 work at 
the same time as transmitting cells, whereas the cells 
C7 and C8 work at the same time as receiving cells. At 
the same time, the other cells, and in particular the 
previously activated cells, that is to say the cells 
CI, C2, C5 and C6, are made inactive. 

25 During the next, third, timeslot, step 62 is repeated 
during a step 64, while shifting the actuated cells by 
one cell upward. Consequently, during this step 64, it 
is the cells C5 and C6 that work as transmitting cells 
and the cells C9 and CIO that work as receiving cells. 

30 

During the next timeslot, the unit 12 proceeds to step 
66, identical to the previous steps except that it is 
the cells C7, C8, Cll and C12 that are activated. The 
procedure then returns to step 60. 

35 

Steps 60, 62, 64 and 66 are repeated as long as the 
system 2 is operating. It is thus found that, by 
shifting by one cell the cells activated during each of 
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the steps 60, 62, 64 and 66, it is possible to scan the 
entire surface portion of the slab facing the base 20 
with a high resolution, since the cross section of the 
cells is of the order of 4 mm^, and without thereby 
5 moving the sensor 10. 

Thus, such a control method makes it possible to 
detect, with high resolution, defects on a surface as 
wide as the sensor is long, and to do so during a 

10 single pass beneath the sensor. Another advantage of 
the system 2 is that it is insensitive to the position 
of the edge of the slab 4 relative to the position of 
the base 20. In other words, the measurement cells of 
the base 20 that are outside the surface of the slab, 

15 that is to say beyond the upper edge of the slab 4, do 
not impede the operation of the sensor 10 at all, so 
that it is unnecessary for the slab 4 to be precisely 
positioned with respect to this sensor 10. 

2 0 The operation of the system 2 has been described in the 
particular case in which, during each timeslot, the 
transmitting and receiving cells are separated only by 
a single inactive cell. So as to increase the spacing 
between the transmitting and receiving cells, and 

25 therefore to offer the possibility of placing the 
sensor 10 at an even greater distance H from the 
surface of the slab, as a variant, the transmitting and 
receiving cells in any one row may be separated from 
one another by one, two, three, four or five inactive 

30 cells. 

Moreover, it is possible to increase the detection 
capabilities of the device by providing a larger number 
of rows of cells than two. 

35 

It is also unnecessary for the rows of cells to be 
contiguous. A gap may be provided between them. 
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The system 2 has been described in the particular case 
in which it is placed in an environment in which the 
temperature may be above 550<>C. The same system may of 
course be used for inspecting a slab at room 
5 temperature. In this variant, the device 30 for cooling 
the base is unnecessary and can therefore be omitted. 

The system 2 has been described in the particular case 
in which the coils have a cross section of 16 mm^ . As a 
10 variant, and depending on the length of the defects to 
be detected, each coil may have an oblong, or more 
precisely a rectangular, cross section, the short and 
long sides of this rectangle having a length of between 
2 and 10 mm. 



